This study aims to identify how different evolution patterns of the central Pacific (CP) El Niño influence seasonal rainfall and intense rainfall occurrence in Korea. The results suggest that changes in the CP El Niño can influence the spatiotemporal patterns of seasonal and heavy rainfall over East Asia. Specifically, for the Korean Peninsula, rainfall was typically lower during the years with the abrupt-decaying and prolonged-decaying CP El Niño evolution patterns. During the symmetricdecaying years, more rainfall occurred over the Korean Peninsula, and heavy rainfall events were concentrated in the central regions. Hence, flooding poses a risk to the Korean Peninsula and such risks may be heightened during symmetric-decaying CP El Niño years. Although this study relies on relatively short-term observation events and samples, the results provide a starting point for a more detailed examination of the large-scale and local factors for developing adaptive strategies to protect water resources and to plan for extreme weather events in a changing climate.
INTRODUCTION
Due to the effects of a changing climate, the frequency and intensity of extreme weather events such as snow, drought, typhoons, heavy rain, and intense heat or cold are changing globally. Studies in this regard are actively being conducted by many researchers worldwide (Kim et Therefore, the purpose of this study is to classify the different types of the CP El Niño based on changes in SSTs, and to identify the regional changes in intense and heavy rainfall events and seasonal rainfall that are likely to occur in East Asia and over the Korean Peninsula (KP) caused by changing the CP El Niño patterns and associated changes in SSTs. The results of this study may provide foundational information for developing adaptive strategies to protect water resources in changing climatic conditions. Table 2 ). For the composite analysis, data were sorted into (1): (a) prolonged-decaying years (1990/1991, 1991/1992) ; (b) abrupt-decaying years (1977/1978, 1987/1988, 2009/2010) ; and (c) symmetric-decaying years (1994/1995, 2002/2003, 2004/2005 , and the statistical test was performed at 90% confidence level.
DATA AND METHODS

ANALYSIS AND RESULTS
Seasonal rainfall during the CP El Niño
During the prolonged-decaying years, spring rainfall was high in many East Asia regions (Figure 3(a) ), compared to normal years . Increases in spring rainfall were observed for several locations in the eastern region of China (the Yangtze River, the Huaihua basin, and southeast coastal areas), whereas spring rainfall in the southwestern region of China (Taiwan and the Pearl River basin) decreased. In Japan, increases in spring rainfall were observed in the southern and central regions (Kyushu, Shikoku, Chukoku, Kansai, Tokai, and Kanto). On the Korean Peninsula, except for the northern region, an overall increasing pattern in spring rainfall was observed, but the effect was relatively insignificant. These changes in rainfall patterns are similar to the springtime daily peak; relatively high rainfall events were found in the central and southern part of Korea.
During the abrupt-decaying years, increases in spring rainfall were observed in many southeastern regions of China (the Pearl River basin, southeast coastal areas, and the southern basin of the Yangtze River), compared to normal years (Figure 3(b) ). In Japan, some regions showed increases in spring rainfall, but the overall influence was insignificant. In contrast, the KP experienced decreases in spring rainfall (up to À31.6%), compared to normal years for all regions. In particular, six observation points within the Nakdong River basin observed statistically significant decreases in rainfall. For the spring peak rainfall events, no statistically significant changes were found.
During the symmetric-decaying years (Figure 3(c) ), increases in spring rainfall were observed in the Yangtze
River and some parts of southeastern China near coastal areas, but relatively strong decreases in spring rainfall were observed in the other southern regions (Taiwan, the Pearl River basin, and the upper region of the Yangtze River). In contrast, increases in spring rainfall were observed in all parts of the KP, except for the Han River and some parts of the Geum River basin. Increases in spring rainfall were most pronounced in the southern region of the KP.
The occurrence of the peak was relatively higher in the Nakdong River basin.
Summer rainfall during the prolonged-decaying years decreased in many parts of the East Asian region (Figure 4 ).
Decreases in summer rainfall were observed in the southwestern regions of China, with the exception of the mouth of the Yangtze River (Jiangsu, Shanghai, and Anhui) near the East China Sea; however, the northern regions of China (the Heirongjiang River and the Liao-ho River basin) experienced increases in summer rainfall. In Japan, the southern region (Kyushu and Shikoku) and northern region (Tohoku) experienced increases in summer rainfall compared to normal years. In some parts of the southeastern regions of the KP, similar to China, increases in summer rainfall were observed. However, most regions in Korea experienced decreases in rainfall (up to À39.0%).
The seven observation points in the Han River region recorded particularly pronounced and statistically significant patterns of decreases in summer rainfall.
During the abrupt-decaying years, the middle and eastern regions of Asia experienced increases in summer rainfall, but the southern regions of China experienced This indicates that Korea may face a higher risk of flooding during the symmetric-decaying CP El Niño evolution pattern. For the summer peak rainfall, significant changes were not detected, but in the case of daily peak rainfall, the patterns of contrasting wet and dry episodes between the central and southern regions of the KP were found during symmetric-decaying years.
Extreme rainfall variability during the CP El Niño Figure 5 shows the spatiotemporal changes in peak rainfall over the KP during the three CP El Niño evolution patterns at the onset of annual peak rainfall ( Figure 5(a) ). During the prolonged-decaying and symmetric-decaying years, the onset of annual peak rainfall was slightly delayed. In contrast, the annual peak rainfall occurrence for the abruptdecaying years was relatively early compared to normal years. During the prolonged-decaying years, increases in peak rainfall (up to 73.7%) were observed in the central regions of the Han River basin and the eastern regions of the Nakdong River basin, but the Geum River, Seomjin River, and Yeongsan River basins experienced decreases (up to À52.3%) in peak rainfall compared to normal years ( Figure 5(b) ). During the abrupt-decaying years, decreases (up to À48.2%) in peak rainfall were observed in most areas except for the northern regions of the Han River basin. Nine observation points recorded a pronounced and statistically significant decreasing pattern ( Figure 5(c) ).
During the symmetric-decaying years, statistically significant increases (up to 54.23%) in annual peak rainfall were observed in the central regions of the KP, including the southern parts of the Han River, Geum River, and Nakdong River basins. Conversely, the northern part of the Han River, Seomjin River, and Yeongsan River basins experienced decreases in annual peak rainfall (up to À47.0%) compared to normal years ( Figure 5(d) ).
To understand the characteristics of local changes in extreme hydrological events associated with evolution of each CP El Niño pattern, analyses of the frequencies of rainfall events were also conducted ( Figure 6 ). For the total annual number of days of rainfall, no large differences 5. Finally, annual daily peak rainfall increased in the Han River area and the eastern coast of Nakdong River during the prolonged-decaying years. In the western and southern regions of the KP, annual daily peak rainfall decreased somewhat, compared to normal years. For the abrupt-decaying years, the number of days with annual daily peak rainfall was generally lower than that of normal years; this was especially pronounced in the eastern region of the KP. For the symmetric-decaying years, the central regions of the KP experienced a statistically significant increase in the number of days with peak rainfall, whereas the northern and southern regions of the KP experienced fewer days of annual daily peak rainfall. The incidence period of the peak rainfall during the prolonged-decaying and symmetric-decaying years occurred later in the year, whereas rainfall during the abrupt-decaying years started earlier in the year than that of normal years.
In summary, although this study relies on relatively short observation events and samples, the results suggest that changes in the CP El Niño pattern can influence spatiotemporal patterns of seasonal and heavy rainfall over East Asia. We hope that the findings from this study will be useful in analyzing and securing water resources under different climate change scenarios and in establishing medium-and long-term flood control strategies. Given the strong seasonality and importance of water supplies in the East Asian region, further investigation of air-sea interactions based on robust numerical simulations will be required to obtain reliable results on regional hydrometeorological variability and different evolution patterns of the CP El Niño.
